Introduction
============

Nuts are consumed by almost 40% of adult Americans on a given day.[@b1-jaa-8-115] The broad category of "edible nuts" includes both peanuts and other culinary nuts generally referred to as tree nuts. Peanut, commonly in the form of peanut butter, is the most widely consumed edible nut in the USA. Though commonly referred to as nuts, peanuts are actually legumes, which grow underground and share more biologic properties in common with chickpeas, lentils, and beans than other edible nuts.[@b2-jaa-8-115] Tree nuts include other culinary "true" nuts such as chestnuts and hazelnuts, as well as multiple botanical nuts not commonly used in cooking, like acorns. Also included in the tree nut category are drupe seeds, which have a fruit surrounding a stone or pit containing the nut or seed. Drupe seeds include almonds, pistachios, cashews, pecans, and walnuts. Brazil nuts, pine nuts, and Macadamia nuts are also classified as tree nuts but are actually also known as nut-like seeds.[@b3-jaa-8-115] From this point forward, we will refer to tree nuts as an inclusive category of all culinary nuts, excluding peanut.

In a report from the United States Department of Agriculture (USDA) in August 2014, almonds surpassed peanuts as the most widely consumed nut in America (excluding peanut butter), growing in popularity by \>220% since 2005.[@b4-jaa-8-115],[@b5-jaa-8-115] An increase in vegetarian and vegan diets, as well as reports on health benefits of nut consumption, attributed to an increase in dietary consumption of nuts. Despite their popularity, nuts are avoided by many Americans due to allergy. An estimated 1% of the US population has nut (peanut or tree nut) allergy, though the prevalence seems to be growing in children.[@b6-jaa-8-115],[@b7-jaa-8-115] Although a number of studies have demonstrated successful desensitization to nuts with various forms of immunotherapy, many questions remain unanswered.[@b8-jaa-8-115] Oral immunotherapy (OIT), particularly for peanut, has shown promising results, though concerns over safety and long-term effectiveness continue to keep it from mainstream practice in allergy clinics. Currently, the standard of care for patients allergic to nuts is strict dietary avoidance and treatment of anaphylactic episodes with injectable epinephrine.[@b9-jaa-8-115],[@b10-jaa-8-115] This requires much time in counseling and education of the patient and family, as there are numerous scenarios to which challenges may arise, if not appropriately anticipated.

Clinical presentation
=====================

Peanut and tree nuts are among the most commonly implicated foods in cases of anaphylaxis occurring in both children and adults.[@b11-jaa-8-115],[@b12-jaa-8-115] Anaphylaxis has been defined as an acute, life-threatening allergic reaction, involving more than one organ system in the body.[@b13-jaa-8-115] The pathophysiology of anaphylaxis involves release of mediators from mast cells and basophils upon allergen exposure, such as after ingestion of peanut or tree nuts.[@b9-jaa-8-115] The release of mediators such as histamine, leukotrienes, and prostaglandins result in pathophysiologic events including smooth muscle contraction, increased vascular permeability, vasodilation, and stimulation of the nervous system with reflex vagal activation.[@b14-jaa-8-115] These physiologic effects result in the classic symptoms of anaphylaxis, which include cutaneous and mucosal involvement in the form of urticaria and angioedema; respiratory symptoms such as cough, wheezing, or dyspnea; abdominal symptoms including vomiting, diarrhea, and uterine contractions; as well as hypotension; and in severe cases, hypovolemic shock. Gastrointestinal symptoms are more commonly observed in cases of food-induced anaphylaxis compared with anaphylaxis from other causes.[@b15-jaa-8-115] Features of anaphylaxis differ based upon age of the patient.[@b16-jaa-8-115] Cardiovascular collapse is reported more often in adults, compared with hives, vomiting, wheezing, and stridor in children.[@b17-jaa-8-115],[@b18-jaa-8-115] Anaphylaxis in infants is more likely to be underdiagnosed due to atypical clinical presentations with nonspecific symptoms such as lethargy and irritability, as well as inability to subjectively report symptoms.[@b19-jaa-8-115]

In the case of nut-induced anaphylaxis, as with other foods, symptoms typically present within 5--30 minutes of ingestion.[@b20-jaa-8-115] Biphasic reactions, in which return of anaphylactic symptoms occurs following an asymptomatic period of an hour or more after the initial reaction, without further exposure to antigen, can occur in 3%--20% of severe food reactions.[@b9-jaa-8-115],[@b21-jaa-8-115],[@b22-jaa-8-115] However, the mechanism of biphasic anaphylaxis is largely unknown, and these late phase reactions have been observed in only 2% of anaphylaxis induced by foods during inpatient oral food challenges (OFCs).[@b23-jaa-8-115] Biphasic reactions typically develop within 8 hours of resolution of the initial reaction, but may occur up to 72 hours later.[@b24-jaa-8-115] Risk factors for late phase reactions may include delayed onset of initial symptoms (\>30 minutes), β-blockade, administration delay or inadequate dose of epinephrine, as well as reaction to an ingested allergen (food), as opposed to an injected allergen.[@b22-jaa-8-115]

Foods are the most common cause of anaphylaxis in the outpatient setting, representing up to half of all cases of anaphylaxis treated in emergency departments in the USA.[@b25-jaa-8-115] Additionally, food triggers account for up to 50%--80% of anaphylactic reactions in children.[@b9-jaa-8-115],[@b11-jaa-8-115] Perhaps even more importantly, food allergens account for 30% of fatal cases of anaphylaxis with an estimated 100 deaths per year due to food-induced anaphylactic reactions.[@b26-jaa-8-115],[@b27-jaa-8-115] Risk factors for fatal food anaphylaxis include an allergy to peanuts or tree nuts, a history of asthma, and failure to administer epinephrine promptly.[@b28-jaa-8-115] Adults are up to nine times more likely to develop severe peanut or tree-nut-allergic reactions than children.[@b28-jaa-8-115] Adolescents and young adults are also at risk for life-threatening anaphylaxis, given risk-taking behavior and frequent underreporting of symptoms in these age groups.

Diagnosis
=========

All patients with a history of clinical reaction to peanut or tree nuts should be referred to an allergist for further evaluation. OFC remains the gold standard for diagnosis of any food allergy but is not always used given the risk of severe anaphylactic reaction.[@b23-jaa-8-115],[@b29-jaa-8-115] More often, the diagnosis of peanut or tree nut allergy is based upon a convincing clinical history, positive testing via skin prick or serum food-specific IgE, and rarely, if needed, confirmatory OFC. Specific IgE testing, either by skin prick or serum food-specific IgE, is not always sensitive or highly specific,[@b30-jaa-8-115] especially in the absence of convincing clinical history of anaphylaxis to the food in question. It is also important to note that allergy testing correlates only with the risk of reactivity to foods but does not predict severity of future reactions. Intradermal skin testing to foods can induce severe reactions and should not be performed. Other diagnostic methods such as the atopy patch test remain controversial and are generally not recommended for the diagnosis of food allergy.[@b31-jaa-8-115]

For peanut specifically, there has been recent development in component testing for diagnosis. This includes serum-specific IgE for various peanut proteins such as Ara h 1, 2, 3, and 8. The clinical utility of component testing remains yet to be fully determined, but testing to these proteins in patients allergic to peanut has been shown to be more specific and may correlate with various clinical phenotypes. For example, IgE to Ara h 2 was shown to be more specific than testing to whole peanut IgE when confirmed by OFC.[@b32-jaa-8-115] IgE to storage proteins, Ara h 1, 2, and 3, has been associated with severe allergic reactions,[@b33-jaa-8-115] whereas Ara h 8 seems to correlate with milder, oral-allergy symptoms, likely due to structural similarities to the major allergen in birch pollen.[@b34-jaa-8-115]

To verify acute anaphylaxis triggered by nuts or other foods, serum total tryptase level can be utilized, though may be less sensitive than in cases of drug or hymenoptera-induced anaphylaxis.[@b35-jaa-8-115] Tryptase is abundant in mast cell secretory granules and the levels immediately increase, peaking \~1--2 hours after onset of symptoms. Importance of obtaining a timely sample makes clinical utilization difficult. Ideally, a serum tryptase level should be obtained within 3 hours of symptom onset, as levels return to baseline within 24 hours of symptom resolution.[@b36-jaa-8-115] In cases of food-induced anaphylaxis, however, often serum tryptase is not elevated, even when sent within an appropriate time frame. This may be due to the activity of mucosal mast cells and basophils involved in food-induced anaphylaxis, which contain less tryptase compared with cutaneous mast cells that are more frequently activated in other causes of anaphylaxis, such as drugs or hymenoptera.[@b35-jaa-8-115],[@b37-jaa-8-115]--[@b39-jaa-8-115]

Other laboratory markers that have been studied in anaphylaxis include serum histamine, urinary histamine metabolites, and concentration of angiotensin-converting enzyme (ACE). ACE is an enzyme involved in bradykinin catabolism, and angioedema is a known side effect for up to 0.7% of patients taking ACE-inhibiting medications.[@b40-jaa-8-115] Regarding ACE levels, one study of peanut- and tree-nut-allergic individuals found an increased risk of severe pharyngeal edema in those patients having ACE concentrations in the lowest quartile (\<37.0 mmol/L).[@b28-jaa-8-115] Serum histamine is a less practical marker as it peaks within 10 minutes of anaphylaxis onset and returns to baseline values within 1 hour. Urinary histamine metabolites may be of better utility as these can remain elevated up to 24 hours following an episode of anaphylaxis; however, their utility in clinical practice is limited.

Cross-reactivity between nuts
-----------------------------

Although clinical cross-reactivity between nuts may be difficult to establish, the possibility of exhibiting symptoms of food allergy to multiple nuts plays an important role in the management of patients allergic to nut, especially for children who are of an age where identification of individual nuts is incomprehensible. The summary of nut cross-reactivity is given in [Table 1](#t1-jaa-8-115){ref-type="table"}. It is common to find positive testing (skin prick or serum-specific IgE) to other legumes in those patients with history of clinical reaction to peanut. A study of 62 children with legume allergy found 79% of patients with serologic evidence of IgE binding to at least one additional legume and 37% had IgE binding to all six legumes tested, including peanut, soybean, lima bean, pea, garbanzo bean, and green beans.[@b41-jaa-8-115],[@b42-jaa-8-115] Despite this common finding of cross-sensitization, the rate of clinical allergy to multiple legumes is much lower. This has been demonstrated in multiple studies of children with peanut allergy, in which double-blind, placebo-controlled OFCs were used to assess clinical reactivity to soy.[@b43-jaa-8-115],[@b44-jaa-8-115] Although a good proportion (up to 31%) of patients allergic to peanut exhibited a positive skin test result to soy, significantly fewer children had clinical reactivity to both legumes (only 1%--3%). Another study of children with atopic dermatitis showed no reaction to any other legumes tested in children sensitive (skin test positive) to peanut.[@b43-jaa-8-115]

Co-sensitization between peanut and tree nuts is common; however only one-third of patients with peanut allergy also exhibit clinical allergy to one or more tree nuts.[@b31-jaa-8-115] For example, one study in the UK found 59% of peanut-sensitized patients were also sensitized to hazelnut, Brazil nut, or both.[@b45-jaa-8-115] Other studies have found limited serologic cross-reactivity between peanut and tree nuts.[@b46-jaa-8-115] For patients with an allergy to peanut, it is important to consider age, risk of cross-contamination, and implications of dietary restrictions before recommending a peanut versus completely nut-free diet.

Similarly, patients allergic to tree nut frequently exhibit sensitization to other tree nuts. In particular, associations between certain nuts, for example, cashew--pistachio and walnut--pecan, are particularly strong. Clinical cross-reactivity to multiple nuts has been reported in up to one-third of patients evaluated for tree nut allergy.[@b47-jaa-8-115],[@b48-jaa-8-115] In general, only foods that have elicited reactions should be avoided, and in tree-nut-allergic individuals, previously tolerated individual tree nuts that were negative in skin test can likely be continued. In special circumstances, such as for young children, it is not uncommon to suggest avoidance of all tree nuts as to avoid accidental exposure. Individual tree nuts that have not yet been introduced can be done so by OFC in the office, if necessary. Again, this decision should be made based on clinical history, risk of cross-contamination, age of the patient, and test results.

Management
==========

Dietary avoidance
-----------------

Strict dietary avoidance of peanut and/or tree nuts remains the mainstay of treatment for nut-allergic individuals. Dietary avoidance has become somewhat easier to follow with standardized labeling of the eight most common food allergens (peanut, tree nuts, milk, egg, soy, wheat, fish, and shellfish) on most packaged foods in the USA since 2006. However, advisory labeling can become confusing for patients when phrases such as "may contain" and "processed in a facility" are used. These types of precautionary labels are not standardized and therefore not all products with potential for cross-contamination are similarly identified. At times, patients allergic to peanut and tree nut are able to tolerate various products labeled with these discretionary phrases, but not others labeled with similar statements.

Education and special settings
------------------------------

In general, efforts of patients allergic to nuts to control avoidance at home can be quite successful, though there are certain circumstances and situations that remain high risk for cross-contamination and accidental exposure. Most cases of nut anaphylaxis in children do occur in the home, but this includes first reactions to peanut, with 76% occurring at home.[@b18-jaa-8-115],[@b21-jaa-8-115],[@b49-jaa-8-115] Particularly in nut allergy, reactions outside the home tend to be more severe and are more likely to be treated with epinephrine.[@b50-jaa-8-115] Of children who have already been diagnosed with peanut allergy, accidental exposures occur at an annual incidence rate of only \~14.3%,[@b51-jaa-8-115] less frequently than previously reported, but up to 20% of children with a known food allergy (not specific to nuts) will develop a reaction at school at some point. In addition to school or day care, children's parties, restaurants, and bakeries are also high risk for cross-contamination and accidental exposure.[@b50-jaa-8-115] For these reasons, the education of patients and parents regarding high-risk situations is of great importance. When available, utilizing a registered dietician may be especially helpful. Printed information is also useful for patients and parents not only to read for themselves, but also to distribute to other caregivers. Encouraging children not to accept food from strangers, or to check with a parent or trusted caregiver about unknown or unlabeled foods helps them take ownership of their food allergy and will bring attention to adults who may be unaware of specific dietary restrictions.

Within a comprehensive plan for the child with nut allergy, it is important to include all caregivers as studies have demonstrated deficiencies in symptom recognition, particularly in schools.[@b52-jaa-8-115] Most peanut and tree nut reactions at school occur in the classroom and are due to utilization of nuts in craft projects or nut exposure during celebrations such as for a birthday. Other settings for potential food reactions include the playground or off-site field trips, when there may be less direct supervision or less opportunity to control for potential exposures.[@b50-jaa-8-115],[@b52-jaa-8-115] A medical identification bracelet or necklace can be helpful in these circumstances, in order to easily identify food allergies to those unfamiliar with the patient.

Of all patients with a known peanut allergy, 60% will have an accidental peanut exposure within 5 years.[@b20-jaa-8-115],[@b53-jaa-8-115],[@b54-jaa-8-115] In contrast to children, food reactions in adults more commonly occur in restaurants, followed by home, workplace, or school.[@b55-jaa-8-115],[@b56-jaa-8-115] Specifically for nuts, commercial catering is an additional risk factor, accounting for 68% of reactions.[@b57-jaa-8-115] Anaphylaxis to inhaled food allergens has been reported, mostly for seafood, when vapors during cooking become carriers for airborne protein allowing physical contact of protein with mucous membranes. Peanut has also been reported to cause allergic reactions via inhalation, though most studies are based on self-reported symptoms and have not been positively confirmed with inhalation challenge.[@b58-jaa-8-115] In fact, casual contact of peanut butter has been studied in peanut-sensitized children and neither intact skin exposure nor inhalation was shown to elicit systemic or respiratory reactions.[@b59-jaa-8-115] This point becomes important when counseling patients and parents about potential exposures such as the school lunchroom or on airplanes.

Of food reactions in restaurants, most occur in Asian establishments and in ice-cream parlors or bakeries, with desserts as a common meal.[@b60-jaa-8-115] Asian restaurants can be particularly problematic for patients allergic to nuts as the use of nuts and seeds in cooking tend to be more common, along with utilization of pans for multiple meal preparations (risk for cross-contamination). It is important for patients to notify the staff of the restaurant about their nut allergy, as in most cases of food reactions in restaurants, this has not been done. Specifically for nut allergy, it has been stated that someone in the establishment would have known nut was an ingredient, if attention was called to the allergy. Staff surveys have indicated a false sense of security with 25% believing that removing an allergen from a finished meal or consuming only a small amount of allergen is safe. Additionally, 35% believed that fryer heat would destroy allergens, and half of staff surveyed considered a buffet safe so long as it was kept clean.[@b61-jaa-8-115]

Nut oils are sometimes used for cooking and preparing food in various restaurants, such as fried items in fast-food restaurants, and may provide a potential source for allergen exposure. In general, nut oils when highly refined are tolerated in patients allergic to nuts. However, due to varied standards in the refining processes, there remains some risk for reaction when allergic individuals consume nut oils, especially crude oil. Gourmet-style peanut oil, however, is cold-pressed and contains a significant amount of protein. Peanut oil specifically has been studied via double-blind oral challenge in peanut-allergic individuals and found to be safe when refined, while crude peanut oil did elicit some clinical reactions. Due to potential variations in protein content between different preparations, it is generally recommended to avoid foods containing peanut oil.[@b62-jaa-8-115],[@b63-jaa-8-115]

When reviewing anticipatory guidance for possible reactions, education regarding potential for future severe reactions despite severity of previous reactions is also extremely important. A common misconception is that severity of past reactions will predict future outcomes.[@b64-jaa-8-115] For example, if a child developed hives upon his first reaction to peanut, the parents may assume each additional exposure will only elicit hives, and the condition is (inappropriately) thought of as a "mild allergy". The provider should discuss that regardless of previous symptoms, any future accidental ingestion may result in a severe, life-threatening reactions. One study from 2005 used double-blind, placebo-controlled food challenges in patients allergic to peanuts and found poor correlation between severity of reported reactions and reactions elicited in the challenge. Furthermore, only the most recent community reaction predicted severity of challenge-based reactions, but even this association was weak.[@b64-jaa-8-115]

Treatment of anaphylactic reactions
-----------------------------------

The USA, European, and international guidelines (World Allergy Organization \[WAO\]) all recommend epinephrine as the drug of choice for all causes of anaphylaxis including food-induced anaphylaxis.[@b65-jaa-8-115] The appropriate dose should be promptly administered upon onset of symptoms. Failure to receive epinephrine in a timely manner is a risk factor for fatality due to anaphylaxis, and studies have demonstrated that epinephrine is administered in only 25%--44% of patients with anaphylactic reactions.[@b55-jaa-8-115],[@b56-jaa-8-115],[@b66-jaa-8-115] Additional therapies for anaphylactic reactions include supplemental oxygen and volume repletion for hypotension when appropriate. Symptom-specific adjunctive therapies may also be considered. These would include bronchodilators for wheezing and H1-antihistamines for pruritus, cutaneous symptoms, or rhinorrhea. Systemic corticosteroids in the acute management of anaphylaxis have been shown to be of questionable value, though they are routinely used as a second-line agent for possible prevention of late-phase reactions.[@b67-jaa-8-115]

All patients and parents of patients allergic to peanut or tree nut should be educated about the signs and symptoms of anaphylaxis. The treatment of choice for food-related anaphylaxis is injectable epinephrine in the lateral thigh. Currently, two doses of epinephrine autoinjectors are available. It is suggested that the 0.15 mg dose epinephrine autoinjector be prescribed for children weighing 10--25 kg (22--55 lb) and an autoinjector with 0.30 mg of epinephrine for those weighing ≥25 kg (55 lb).[@b68-jaa-8-115] The correct use of an epinephrine autoinjector, including return demonstration, should be reviewed not only upon initial evaluation, but also at least on a yearly basis. This yearly instruction is important as it has been shown that many patients do not properly use epinephrine autoinjectors or forget how to use them after as little as a few months.[@b69-jaa-8-115] Patients should be provided with written instructions including an action plan, which details signs and symptoms of anaphylaxis and indications for the use of emergency medications, including epinephrine. It is also important to review the proper storage of self-injectable epinephrine away from temperature extremes in order to protect the drug from degradation. Many preparations of self-injectable epinephrine now come equipped with a second dose, which may be required for refractory or severe anaphylactic reactions. For these reasons, it has been recommended that both doses of injectable epinephrine be kept together and not split between environments (school/home). A second dose of epinephrine should be administered if anaphylactic symptoms persist beyond 10 minutes, as 12%--19% of food-induced anaphylactic reactions require more than one dose of epinephrine.[@b12-jaa-8-115],[@b18-jaa-8-115],[@b55-jaa-8-115],[@b56-jaa-8-115],[@b70-jaa-8-115]

Future directions
=================

Immunotherapy for foods
-----------------------

Allergen immunotherapy is a procedure that involves administration of an allergen on a regular basis with the intention to promote specific immune mechanisms and ultimately promote clinical tolerance to the allergen. For foods, several methods of immunotherapy have been studied including oral, sublingual, epicutaneous (patch), and subcutaneous. Subcutaneous immunotherapy for peanut has proven impractical due to risk of developing systemic allergic reaction.[@b71-jaa-8-115] Out of all methods, OIT for nuts may be the most promising. A number of exciting studies are emerging, though long-term outcomes need to be further evaluated before this therapy is readily accepted for clinical practice. Furthermore, questions remain unanswered regarding whether protocols promote desensitization or tolerance. Desensitization is a temporary and reversible state, meaning once administration of the allergen is suspended, clinical reactivity returns. Tolerance refers to a long-term effect of unresponsiveness to the allergen.

In 2005, Enrique et al from Spain performed a randomized, double-blind placebo-controlled study for sublingual immunotherapy (SLIT) in adults with hazelnut allergy.[@b72-jaa-8-115] During the final assessment, half of the patients in the treatment group were able to reach the highest dose of hazelnut (20 g) on OFC compared with only 9% in placebo group. Long-term efficacy was not evaluated.

While additional data on immunotherapy for tree nuts is somewhat lacking, peanut immunotherapy, specifically OIT, has emerged as a potential approach for induction of tolerance in allergic individuals. Recently, a few meta-analyses of immunotherapy for food have been published, including a Cochrane review specifically on peanut OIT.[@b73-jaa-8-115] Overall, the analyses concluded that peanut OIT with short-term incremental doses of the allergen seems to be effective for inducing desensitization in some patients who are able to tolerate the regimen, but none of the studies showed induction of tolerance by OIT and no trials followed subjects for \>2 years.[@b74-jaa-8-115] One study published in 2014 demonstrated that 50% of subjects with peanut allergy treated with OIT for up to 5 years had sustained unresponsiveness for 4 weeks after cessation of therapy.[@b75-jaa-8-115] Similar studies with patients followed for longer time periods after discontinuation of OIT are required to support this result. In all studies of OIT in food allergy, the rates of adverse reaction are not insignificant (up to 90%) in the treatment groups.[@b74-jaa-8-115] Most reactions are mild, but further studies are needed to adequately assess risk and safety before recommending this treatment in clinical practice. An additional alarming statistic reported in a recent meta-analysis includes the development of eosinophilic esophagitis in up to 2.7% of patients undergoing OIT.[@b76-jaa-8-115] This further illustrates the need for additional long-term follow-up studies on OIT in food allergy.

Other recent studies have looked at SLIT for peanut allergy, which involves incremental doses of daily peanut protein placed under the tongue.[@b77-jaa-8-115]--[@b79-jaa-8-115] In 2013, Fleischer et al showed that after 44 weeks of therapy, 70% of subjects aged 12--40 years receiving peanut SLIT were able to tolerate a median successfully consumed dose of 5 g peanut protein (or tenfold more peanut powder than at baseline OFC) compared with only 15% of patients who received placebo.[@b79-jaa-8-115] In 2015, Burks et al presented long-term follow-up of the same study cohort, after 2 and 3 years of peanut SLIT. Over 50% of participants discontinued therapy despite most adverse reactions being localized to the oropharynx. Of the peanut SLIT group, only 10.8% were fully desensitized to 10 g of peanut powder by the end of the 3 years, but all of those who were desensitized also achieved sustained unresponsiveness after discontinuation of SLIT for 8 weeks (as determined by an open feeding challenge with peanut butter).[@b77-jaa-8-115] Another pilot study of peanut SLIT was published by Narisety et al in 2015. This was also a randomized, double-blind, placebo-controlled trial, but included peanut OIT as well. Twenty-one children were randomized to either receive active peanut SLIT/placebo OIT or placebo SLIT/active peanut OIT. Of the 16 children who did not discontinue therapy, all were able to tolerate over tenfold increase in their peanut challenge threshold, but this threshold was significantly greater in the active OIT group (*P*=0.1). Adverse reactions were mild, but more common in the active OIT group.[@b78-jaa-8-115] All of these peanut SLIT studies show promise in inducing both clinical desensitization and sustained unresponsiveness for peanut-allergic individuals, though adherence seems that it may be an issue and more long-term follow-up is needed to fully evaluate side efficacy and potential side effects.

The newest method in prevention of peanut allergy was presented at the American Academy of Asthma, Allergy and Immunology (AAAAI) annual conference in March, 2015. In a late breaking abstract, Hugh A. Sampson, MD, FAAAAI, revealed the results of a multinational, double-blind, placebo-controlled randomized trial of epicutaneous immunotherapy for peanut allergy. After 1 year of therapy, patients treated with the highest dose peanut patch (250 μg) tolerated ten times the dose at their entry oral peanut challenge (at least 1 g of peanut protein or approximately four peanuts). Compliance was also promising at 95%, and there were no serious adverse reactions related to the therapy.[@b80-jaa-8-115]

Prevention
----------

Numerous studies have looked into maternal diet and early infant feeding patterns in the development of food allergy. Currently, there is a lack of sufficient evidence to support specific dietary recommendations in either the mother or child in regards to prevention of peanut and tree nut allergy.[@b81-jaa-8-115] It has been observed that prevalence of peanut allergy in children of similar ancestry is lower in countries that introduce peanut at an earlier age.[@b82-jaa-8-115] There has been recent attention to one particular study assessing efficacy of peanut consumption during infancy for preventing peanut allergy in high-risk infants. The Learning Early About Peanut (LEAP) enrolled over 600 infants who had increased risk of peanut allergy due to either severe eczema, egg allergy, or both.[@b83-jaa-8-115] Participants were randomized to either consume or avoid peanuts and followed until 60 months of age. Of the 530 infants with negative initial skin prick to peanut, prevalence of peanut allergy at 60 months was reduced by 86% in the consumption group compared with the avoidance group. In the 98 children with initial positive skin prick testing to peanut, prevalence of peanut allergy was reduced by 70% in the consumption group compared with avoidance. These dramatic results may change the recommendations we have for infant feeding practices in the future and interim recommendations have already been released,[@b84-jaa-8-115] but it is important to note that though this was a high-risk population, it excluded children who were already allergic to peanut. The current recommendation for all children allergic to peanut is to continue with strict dietary avoidance.

Conclusion
==========

Over the past decade, peanut and tree nut allergies have become more prevalent in Westernized countries. Management of reactions is important given nut allergy in itself is a risk for fatal anaphylaxis. Current management for those with nut allergies includes strict dietary avoidance and treatment of systemic reactions with injectable epinephrine. Dietary avoidance can be quite difficult, especially for young children and in special situations such as restaurants, where risk of cross-contamination remains quite high. Labeling of processed foods and awareness in the community regarding nut allergy have helped make dietary avoidance somewhat easier, though there remains much room for improvement in education and awareness. Given the effect food allergy has on quality of life, it is not surprising that much attention has gone into discovering alternative and more definitive treatments for those with peanut and tree nut allergy. One of those treatments, OIT for peanut, has shown promising results in clinical trials but is not yet ready for application to general clinical practice.[@b74-jaa-8-115]
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Nut cross-reactivity

  Food allergen                                                                                                                Potential clinical cross-reactivity
  ---------------------------------------------------------------------------------------------------------------------------- ----------------------------------------
  Peanut                                                                                                                       Legumes (soy, lentils, chickpeas)
   High rate of cross-sensitization, but clinical cross-reactivity uncommon (5%)                                               
   Multiple legume allergy may be associated with sensitization to lentil and chickpea                                         
  Tree nuts                                                                                                                    
   Approximately one-third of patients with peanut allergy report clinical reactivity to tree nuts (not evaluated by DBPCFC)   
   Significant cross-reactivity between peanut and certain tree nut epitopes (almond, walnut, pecan, hazelnut, Brazil nut)     
  Seeds                                                                                                                        
   Co-sensitization is common, but clinical cross-reactivity unknown                                                           
  Tree nuts                                                                                                                    Other tree nuts
   Clinical reactivity to multiple tree nuts reported in up to one-third of patients (37%)                                     
  Seeds                                                                                                                        
   Co-sensitization is common, but clinical cross-reactivity unknown                                                           
  Peanut (see above)                                                                                                           
  Walnut                                                                                                                       Pecan -- clinical cross-reactivity
  Coconut -- homologous but clinical cross-reactivity rare                                                                     
  Cashew                                                                                                                       Pistachio -- clinical cross-reactivity

**Note:** Data from Sampson et al,[@b31-jaa-8-115] and Sicherer.[@b85-jaa-8-115]

**Abbreviation:** DBPCFC, double-blind placebo-controlled food challenge.
